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ABSr RACT 
An experiment was conducted during 1993-94 and 1994-95 to study effect 

of P levels (0, 30, 60 and 90 kg P,O$ha), and patterns of its application 
(residual, direct and cumulative) in combination with sulphur (0, 20 and 40 kg St 
ha) on gobhi sarson [Brassica napus (L.) subsp. oleifera D.C. var. annua L.] and 
soybean [Glycine max (L.) Merr.] cropping sequence at Ludhiana. Both gobhi 
sarson as well as soybean responded to direct application of P up to 60 kg 
P,05/ha. Both the crops grown on residual phosphorus yielded significantly less 
as compared to direct application of P. Total productivity of gobhi sarsom 
soybean cropping system was also higher when both the crops were directly 
fertilized with P @ 60 kg P,O,/ha. Application of P to soybean alone in the 
system gave higher agronomic efficiency than its application to gobhi sarson. 
Application of 60 kg P,O$ha to either of the crops gave lower physiological 
efficiency than application of 30+30 kg P,OJha to both the crops. Both crops 
responded to sulphur application only up to 20 kglha. 
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Swederape (gobhi sarson) and soybean, 
which fit well in the cropping sequence 
under the Punjab conditions, offer a good 
scope for meeting the shortage of protein 
and oilseeds in the country. For improving 
the productivity of these crops, the role of 
phosphorus and sulphur is well known. 
However, P requirement of gobhi sarson 
and soybean has earlier been worked out 
on the basis of their response to applied P to 
either of the crops rather than taking into 
account total P applied to the system as a 

whole (Sardana, 1990; Kumar et al., 
1992). It was, therefore, considered 
necessary to work out the efficiency with 
which these crops grown in a sequence 
utilize the applied P to provide profitable 
yields. 

The response of these crops to applied S 
may also be modified in relation to level 
and pattern of P applications (Saran and 
Giri, 1990; Mahal, 1990). Therefore, the 
present investigation was conducted to 
evaluate the response of gobhi sarson- 
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soybean cropping system to P in uptake of P and S was worked out at 
combination with sulphur. harvest by multiplying respective per cent 

MATERIALS AND METHODS 
contents with the dry matter. 

Total productivity in terms of gobhi 
The experiment was conducted during sarson-equivalent yield was calculated. 

1993-94 and 1994-95 at Punjab Agricul- Agronomic and physiological efficiencies 
tural University, Ludhiana. The soil was were calculated as per the procedure given 
loamy sand, normal in pH (7.9) and EC by Craswell and Godwin (-1984) and also 
(0.21 mrnhos cm), low in organic carbon cited by Bisht and Chandel(l991). 
(0.36%) and available nitrogen (176 kg/ 
ha), medium available P (14 kgtha), K RESULTS AND DISCUSSION 

(237 kgha) and sulphur (1 1 ppm). The ex- 
periment was laid out in splitlplot design 
with 4 replications. Three levels of phos- 
phorus (30,60 and 90 kg P205/ha), 3 pat- 
terns of P application (residual, direct and 
cumulative) along with 1 unmanured con- 
trol (no P) were kept in main plots and 3 
levels of sulphur, i.e. 0,20 and 40 kg Sha, 
in subplots. Net plot size was 5.0 m x 2.7 
m for gobhi sarson and 5.0 m x 2.25 m for 
soybean. Direct application of P to 1 crop 
became residual treatment for succeeding 
crop. In cumulative pattern of application, 
P was applied to both the crops. Varieties 
'GSL 1' of gobhi sarson and 'PK 416' of 
soybean were raised for experimental pur- 
Po= 

To determine the P and S content, the 
plant 'samples collected for dry-matter 
accumulation at different intervals were 
used. The content was determined by 
vanadomolybdo phosphoric yellow colour 
method in nitric acid system (Jackson, 
1967) using spectronic-20 colorimeter at a 
wave-length of 470 mp using blue filter. 
Sulphur content in the plant extract was 
determined turbidimetrically in an aliquot 
by spectronic-20 colorimeter at a wave/ 
length of 420 mp using blue filter. Total 

In a soil, testing medium in available P, 
soybean and gobhi sarson responded sig- 
nificantly to P application only up to 60 kg 
P20,/ha (Table 1). Direct application of P 
to gobhi sarson or soybean in the system 
benefited the crop significantly as compared 
to those raised on residual P, whereas the 
responses to direct and cumulative patterns 
of P application were found statistically 
similar. However, the interaction between 
the levels and patterns of application, in 
both the crops, was non-significant. Re- 
sponse of gobhi sarson to phosphate fertili- 
zation was as high as 120-180 kg P205/ha 
in Poland (Dembinski et al., 1969; Horod- 
yski and Pieckza, 1970). Similarly, in soy- 
bean-wheat sequence Kalinina (1980) and 
Griffin et al. (1981) observed that direct 
application of P to soybean yielded higher 
than that grown on residual P. Likewise, 
total productivity of the system in terms of 
equivalent yield of gobhi sarson where P 
@ 60 kg P205/ha was applied to gobhi sar- 
son or to soybean remained the same. Thus 
productivity of the system increased con- 
siderably up to 60 kg P2Q5/ha when ap- 
plied to both the crops in the system during 
both the years, as:further increment of P 
level toL90 kg P205/ha failed to affect the 



Table 1. Effect of levels and patterns of phosphorus application and sulphur levels on seed yield and nutrient removal of gobhi sarson and $ 

soybean 9 3' 

Treatment Seed yield (qha) Nutrient removal by crops (kglha) t - 
Gobhi sarsbn Soybean Phosphorus (P,O,) Sulphur (S) 

1993-94 1994-95 1993-94 1994-95 Gobhi sarson Soybean Gobhi sarson Soybean 

1993-94 1994-95 1993-94 1994-95 1993-94 1994-95 1993-94 1994-95 

P205 f k g h )  
Control (PJ 9.7 9.5. 11.6 11.1 7.6 7.6 12.3 11.5 12.4 11.0 8.1 - 7.2 Q 

30 11.7 12.9 13.9 14.5 11.2 12.8 17.3 18.1 18.8 19.5 11.3 10.3 $ s 

CD (P = 0.05)* 0.9 1.1 1.1 1.6 2.8 3.2 3.7 4.0 3.4 2.9 2.6 2.2 
2 

P application pattern m 

Residual 11.4 12.6 13.3 14.7 11.5 12.6 17.5 18.2 18.4 19.0 11.9 11.0 

Direct 13.2 14.0 15.6 16.6 14.8 15.7 22.5 24.0 23.8 22.8 15.1 14.5 

Cummulative 13.4 15.0 16.0 17.5 16.2 18.0 25.5 26.7 25.1 24.4 16.4 14.6 8 
CD (P = 0.05) 0.9 1.1 1.1 1.6 2.8 3.2 3.7 4.0 3.4 2.9 2.6 2.2 8 

=! 
=Q Sulphur (kgha) > 

Control (SJ 10.9 11.8 13.9 15.0 12.0 12.0 18.7 21.3 17.0 18.5'> 10.0 11.4 3 
m 

CD (P = 0.05) 1.2 1 .O 1.4 1.7 NS NS NS NS 5.2 2.1 3.5 1.3 

*This CD is applicable for comparison within the levels of phosphorus only. w 
W 
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productivity of the system. But, as men- 
tioned earlier, different interaction effects 
were found to be non-significant. Better 
response of both these crops in terms of 
enhanced yield with direct application of P 
could be attributed to adequate direct sup- 
ply of P. Hence in gobhi sar~on-fso~bean 
cropping system, both crops require direct 
application of P (60 kg P205/ha) for attain- 
ing optimal productivity level. ' 

Sulphur application @ 20 kg/ha to both 
the crops proved better than no sulphur" 
application, but the total productivity of !he 
system @ 40 kg S/ha was similar to 20 kg 
Slha. The interaction between levels and 
patterns of P application and S levels was 
also non-significant. 

Application of P @ 60 kg P2051ha to 
soybean in the system gave better efficiency 
than its application to gobhi sarson, as the 
application of 90 kg P2051ha to gobhi 
sarson or to soybean was on a par with 60 
kg P205/ha applied to both the crops in the 
system (Table 2). 

The agronomic efficiency was considera- 
bly higher at lower rates of P application 
and it decreased with an increase in the lev- 
el of P applied (Table 2). Direct application 
of P to gobhi sarson or to soybean in the 
system at all the levels of P application 
gave higher agronomic efficiency than the 
crop grown on residual P. Application of P 
to soybean alone in the system at all levels 
of P gave higher agronomic efficiency than 
its application to gobhi sarson in the sys- 
tem. Application of 90 kg P205/ha to gobhi 
sarson or soybean was at par with 60 kg 
P205/ha applied to both the crops, i.e. 120 
kg P205/ha, to the system. Further increase 
in the P205 rate to both the'crops did not 

help in enhancing the agronomic efficiency 
of the system. Agronomic efficiency was 
the highest with the lower dose of S appli- 
cation than its higher dose applied to both 
the crops. 

The physiological efficiency was highest 
when P was applied @ 30 kg P205/ha 'to 
gobhi sarson and the succeeding crop of 
soybean was raised on residual P (Table 2). 
Similar trend was observed at 60 kg P2051 
ha, but with a decline in the efficiency. 
However, when 60 kg P205/ha was applied 
to any of the 2 crops, the physiological ef- 
ficiency was lower than the application of 
30+30 kg P205/ha applied to both the crops 
in the system during both the years. Appli- 
cation of 60 or 90 kg P205/ha to both the 
crops in the system also resulted in lower 
physiological efficiency than the applica- 
tion of P to individual crop. Physiological 
efficiency was highest with S application 
up to 20 kg/ha than 40 kglha applied to 
both the crops in the system. 

Nutrient removal 
Total P and S removal increased with the 

increasing levels of P application both in 
gobhi sarson and soybean (Table I), but the 
response was pronounced only up to 60 kg 
P205/ha. Increased P and S uptake with P 
application may be associated with higher 
biomass production and development of 
extensive and deep root system to trap more 
area for nutrient supply. Application of P to 
both the crops either at 60 + 60 or 90 + 90 
P205/ha resulted in more removal of P as 
well as S than P application to either of the 
crops in the system. 

Application of S at 20 or 40 kglha 
increased the S uptake considerably as 



@ 
Table 2. Total productivity, agronomic' efficiency and physiological efficiency of gobhi sarson and soybean as influenced by levels and pat- % 

terns of phosphorus application and sulphur levels W 
YV 

Treatment Total productivity Agronomic efficiency Physiological efficiency 
as gobhi sarson (kg grainkg nutrient applied) (kg grainkg P removed) 

Gobhi Soy- equivalent 
sarson (ma)  Gobhisarson Soybean . Total Gobhi sarson Soybean Total 

1993- 1994- 1993- 1994- 1993- 1994- 1993- 1994- 1993- 1994- 1993- 1994- 1993- 1994- 
94 9 5 '  94 95 94 95 94 95 94 95 94 95 94 95 
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compared to P uptake in gobhi sarson and fertilizers on seed oil yields of winter rape. 

soybean during both the years. Rocmiki Nauk Rolniczych Serial A % : 45-60. 
Jackson, M.L. 1967. Soil Chemical Analysis, pp. 
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